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Endotracheal intubation is a common procedure in newborn care. The
purpose of this clinical report is to review currently available evidence
on use of premedication for intubation, identify gaps in knowledge, and
provide guidance for making decisions about the use of premedication.
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INTRODUCTION

Endotracheal intubation is a common procedure in NICUs and should
be performed expeditiously in as controlled an environment as possi-
ble to reduce complications. Several studies that evaluated the suc-
cess rate of neonatal endotracheal intubations have reported that
successful intubations frequently require more than 1 attempt and are
rarely accomplished within the currently recommended time frame.'3
Many failed attempts can be attributed to suboptimal intubating con-
ditions. Excellent intubating conditions are characterized by good jaw
relaxation, open and immobile vocal cords, and suppression of pharyn-
geal and laryngeal reflexes assessed by the absence of coughing or
diaphragmatic movements in response to intubation.* Several trials
have demonstrated that the use of premedication for intubation of the
newborn significantly improves intubating conditions, decreases the
time and number of attempts needed to complete the intubation pro-
cedure, and minimizes the potential for intubation-related airway
trauma.5-10

The alleviation of pain in neonates should be the goal of all caregivers,
because repeated painful experiences have the potential for deleteri-
ous consequences.' The experience of being intubated is unpleasant
and painful and seriously disturbs physiologic homeostasis.'2'3 A con-
sensus statement from the International Evidence-Based Group for
Neonatal Pain concluded that “tracheal intubation without the use of
analgesia or sedation should be performed only for resuscitation in
the delivery room or for life-threatening situations associated with the
unavailability of intravenous access.”'* Subsequently, in a recent policy
statement the American Academy of Pediatrics also recommended
that every health care facility caring for neonates implement an effec-
tive pain-prevention program and use pharmacologic and nonpharma-
cologic therapies for the prevention of pain associated with proce-
dures." Despite these recommendations, there remains wide variation
in the frequency of use of premedication before intubation, and in the
medications used for premedication.'s'® Some of the reasons offered
for not using premedications before intubation are concern for ad-
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verse reactions and/or toxic effects of
the medications, inadequate time for ad-
ministration of medications in emer-
gency situations, and the perception that
risk/benefit ratios are worsened by us-
ing premedications.’ This report will ad-
dress some of these issues, including
the choices of available medications, the
circumstances for the use of medica-
tions, the risks of these medications, and
the appropriate precautions to take
while adopting these procedures.

PHYSIOLOGIC RESPONSES TO
INTUBATION

The process of intubation may cause
hypoxemia,'” bradycardia,'® intracra-
nial hypertension,” systemic hyper-
tension,"” and pulmonary hyperten-
sion.? Hypoxemia seems to be related
either to apnea at the time of intuba-
tion or possible airway obstruction as-
sociated with positioning.'” Bradycar-
dia is presumed to be vagal in origin,
because the very rapid onset is sug-
gestive of a reflexive etiology'” and is
not prevented by preoxygenation and
the avoidance of hypoxemia.'® The in-
crease in intracranial pressure may
be a result of coughing and struggling
of the infant that can result in venous
stasis with an increase in cerebral
blood volume.’92' Systemic arterial hy-
pertension has been investigated in
adults and seems to be caused by an
increase in systemic vascular resis-
tance, which is probably caused by cat-
echolamine release.?? Pulmonary hy-
pertension leading to right ventricular
failure has been described in adults,”
and although pulmonary artery pres-
sures have not been measured in new-
born infants undergoing intubation,
endotracheal suctioning is known to
cause an increase in pulmonary artery
pressure postoperatively in infants
with congenital heart disease? and is
presumed to occur with intubation. In
addition, improperly performed direct
laryngoscopy can cause traumatic in-
juries to the face, eyes, tongue, and
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gums, and placement of the endotra-
cheal tube can dislodge the arytenoids
or damage other glottic structures.
These injuries can be avoided by im-
proved technique that can be enhanced
by the use of premedication.*

CHARACTERISTICS OF AN IDEAL
STRATEGY

Anideal strategy for premedication for
intubation eliminates the pain, discom-
fort, and physiologic abnormalities
of the procedure, helps to carry out
intubation expeditiously, minimizes
the chances for traumatic injury to the
newborn, and has no adverse effects.
An individual skilled in the use of bag-
mask ventilation should be present to
ensure adequate ventilation after the
use of premedication and before the
intubation. Anideal approach would be
to administer supplemental oxygen, as
needed, via a properly sized face mask,
then a vagolytic agent, followed by an-
algesic and/or hypnotic medications
before infusion of a muscle relaxant.
The vagolytic drug prevents bradycar-
dia, the analgesic and/or hypnotic
drug can control pain and may render
the infant unconscious and minimize
adverse hemodynamic responses to
laryngoscopy, and the muscle relaxant
provides the best possible intubating
conditions. Nonpharmacologic inter-
ventions, including swaddling and
comfortable positioning, would con-
tribute to the infant’s comfort as well.

Analgesia

Premedication with an analgesic re-
duces the pain and discomfort of intu-
bation. An ideal analgesic agent would
have a rapid onset, be of short dura-
tion, have no adverse effects on respi-
ratory mechanics, and possess pre-
dictable pharmacokinetic properties.
None of the currently available agents
fit this profile.

Opioids are the most commonly used
medications for analgesia in the neo-
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nate. The mechanism of action of the
individual opioids involves interaction
at various receptor sites in both the
central and peripheral nervous sys-
tem to modify transmission of painful
signals and diminish pain percep-
tion.Z Morphine is the most frequently
used opiate for pain control in the ne-
onate. It has been used for acute post-
operative pain control and as a contin-
uous infusion for ventilated infants.
The use of morphine for premedica-
tion for intubation was studied in a
randomized, controlled trial of 34 pre-
mature infants in which infants were
given either morphine alone or pla-
cebo 5 minutes before the intubation.
There was no effect on the severity of
physiologic disturbances during intu-
bation including the duration of severe
hypoxemia, incidence of bradycardia,
and change in mean blood pressure.2
This lack of effect is thought to be be-
cause of the delayed onset of action of
morphine? related to the relative hy-
drophilic nature of the drug. Intrave-
nous morphine has a mean onset of
action at 5 minutes and peak effect at
15 minutes.”® Another randomized,
controlled trial of 20 preterm infants
compared the use of morphine and
midazolam versus remifentanil and
midazolam for intubation.® No differ-
ences were noted between the groups
with regard to pain control or hemody-
namic variables, but the probability of
having excellent intubation conditions
was significantly higher with remifen-
tanil than with morphine. All infants
pretreated with remifentanil and mi-
dazolam were intubated at first at-
tempt compared with only 60% of the
infants in the morphine and midazo-
lam group.? In another study, when
morphine was used in combination
with a vagolytic and a paralytic agent,
the time needed to intubate was re-
duced and bradycardia was de-
creased.” However, these effects may
be related to the vagolytic and para-
lytic agents used in the study, not to
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morphine effects. Furthermore, the
status of pain control was not as-
sessed in that study. For these rea-
sons, morphine alone would not be the
most appropriate choice for premedi-
cation for intubations. Meperidine is
rarely used in neonates because of its
slow onset of action, variability in
metabolism, and risk of toxic effects of
its metabolites; as a result, it is not
recommended.?’

Fentanyl is the most frequently used
synthetic opioid in the neonate. This
drug may be preferable to morphine
for pain control for intubation because
of a more rapid onset of action related
to its more lipophilic nature.® Fenta-
nyl’s impact on some of the physiologic
disturbances during intubation has
been studied. In older infants and chil-
dren this drug blunts physiologic dis-
turbances during endotracheal suc-
tioning and, in patients after surgery,
decreases pulmonary arterial pres-
sure and systemic hypertension.202 |t
is likely that such responses may oc-
cur during intubation too. Its impact on
cerebral and systemic hemodynamics
was studied with a short-term infusion
in 15 preterm infants, and there were
no significant changes in the systemic
or cerebral perfusion or pressure. 2 Al-
though fentanyl as a single agent in in-
tubation has not been studied, a co-
hort study of 33 preterm and term
infants intubated after a combination
of atropine, fentanyl, and a paralytic
agent showed that fentanyl had no sig-
nificant adverse effects.” Remifentanil,
another synthetic opiate, has a rapid
onset of action and an ultrashort dura-
tion of action and has been shown to
be a useful drug for neonatal intuba-
tion82 A primary concern with syn-
thetic opioid use is the risk of chest
wall rigidity, but this risk can be re-
duced by slow administration and can
be treated with either naloxone or
muscle relaxants.3® However, it is im-
portant to remember that the use of
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naloxone, a competitive antagonist at
all opioid receptors, will also reverse
the analgesic effects of these drugs.

Sedation

Sedatives do not always reduce pain
but can sedate or render individuals
unconscious or amnestic depending
on the dose and individual response.
Benzodiazepines have been frequently
used for sedation before elective intu-
bations but may not be appropriate in
many cases. Midazolam is the most
commonly used medication in this cat-
egory3' in the United States, but it has
not been shown to reduce any physio-
logic changes during intubation. Inaran-
domized, double-blind trial (stopped
after only 16 intubations because of ad-
verse events and reported in a letter to
the editor), preterm infants who re-
ceived midazolam and atropine for intu-
bation had more desaturations, and 29%
required cardiopulmonary resuscitation
compared with those in the groups that
received either atropine alone or no
premedication.®2 Midazolam can cause
hypotension in both preterm and term
infants,*-%6 decreased cardiac output
in older children,’” and decreased ce-
rebral blood flow velocity in prema-
ture infants.3338 The studies that dem-
onstrated these effects were not
performed as part of premedication
for intubation, and the results may not
be applicable to the circumstances ne-
cessitating endotracheal intubation.
However, Kkinetic studies in preterm
and term infants have shown that the
serum half-life of midazolam given as
continuous infusion or by repetitive
dosing can exceed 22 hours.383 Fur-
ther concern in the use of midazolam
for preterm infants is the exposure to
the preservative benzyl alcohol 44! For
these reasons, midazolam should not
be used in preterm infants, but it can
be considered for use in the term or
older infant as part of the premedica-
tion sequence for elective intubation in
the NICU.

Elective intubation of patients before
surgery is often accomplished with a
sedative-hypnotic agent such as a bar-
biturate and a muscle relaxant. Barbi-
turates have been used for induction
of anesthesia for decades; however,
barbiturates are poor analgesics.*
Barbiturates such as thiopental and
methohexital have a rapid onset and
short duration of action. In a random-
ized, placebo-controlled trial in term
infants, thiopental was shown to re-
duce changes in heart rate and blood
pressure during intubation and to
shorten the time to intubation** In a
small cohort study of term and pre-
term infants, methohexital facilitated
intubation with rapid onset within 1
minute of sedation and recovery within
10 minutes.* However, more studies are
necessary before methohexital can be
recommended for use.

Propofol is a nonbarbiturate anes-
thetic that is frequently used for induc-
tion of anesthesia in older children
and adults but has not been well eval-
uated in newborns. Propofol is li-
pophilic and rapidly equilibrates be-
tween plasma and brain with quick
loss of consciousness and also has a
short duration of action after a single-
bolus dose.® In a randomized, con-
trolled trial in 63 premature infants,
propofol was shown to be a more ef-
fective induction agent than the mor-
phine, atropine, and suxamethonium
regimen to facilitate neonatal intuba-
tion® Oxygenation during intubation
was maintained better in the propofol
group and was attributed to the main-
tenance of spontaneous respiration in
infants who received propofol. Twenty-
three percent of the infants in the mor-
phine, atropine, and suxamethonium
group and 6% of the infants in the
propofol group sustained intubation-
related trauma. No other adverse
events were noted in the propofol
group. Although the results of this
study are encouraging, more research


http://pediatrics.aappublications.org/

confirming these initial findings is nec-
essary before propofol can be recom-
mended as a single premedication
agent for neonatal intubation. Propofol
can only be administered intrave-
nously, and pain at the site of injection
that may sometimes be moderately se-
vere has been reported with intrave-
nous injection of propofol in 10% to
20% of patients.#®

Vagolytic Agents

Vagolytic agents prevent bradycardia
during intubation and decrease bron-
chial and salivary secretions but are
infrequently used for neonatal intuba-
tion.*8 One reason for their sparse use
has been the concern that vagolytic
agents mask hypoxia-induced brady-
cardia during intubation; however,
most episodes of bradycardia during
intubation are secondary to vagal
stimulation, not hypoxia. Glycopyrro-
late and atropine are both effective va-
golytic agents, and although they have
not been directly compared in neo-
nates, they have been studied in in-
fants and children. In a randomized,
controlled trial in 90 older infants and
children that compared the use of gly-
copyrrolate and atropine at anesthetic
induction, none had bradycardia, but
more subjects who received atropine
developed sinus tachycardia than
those who received glycopyrrolate.#’
Glycopyrrolate is widely used in pediat-
ric intensive care and anesthesia; how-
ever, its pharmacokinetics in small
preterm infants is not known.

Muscle Relaxants

The ideal muscle relaxant for intuba-
tion would have a rapid onset, short
duration of action, and minimal or no
deleterious effect on heart rate and
blood pressure. None of the currently
available agents meet all these criteria
for neonates, but use of a muscle re-
laxant to facilitate intubation can elim-
inate or minimize the increase in intra-
cranial pressure that occurs during
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awake intubation. This has been dem-
onstrated with both succinylcholine in
preterm infants* and pancuronium in
preterm and term infants.'®

Succinylcholine, the only depolarizing
agent in clinical use, blocks neuromus-
cular transmission by binding to the
acetylcholine receptors of the muscle
membrane and depolarizing the mem-
brane. It has both a rapid onset and a
short duration of action. In a random-
ized, controlled trial in preterm in-
fants, succinylcholine given with mor-
phine and atropine was compared
with awake intubation. This combina-
tion resulted in faster intubation with
less bradycardia and less trauma as
defined by less blood in the oral and
nasal passages.*

The nondepolarizing muscle relaxants
compete with acetylcholine for recep-
tors on the motor endplate but do not
result in depolarization of the mem-
brane. Of these agents, pancuronium
is widely used in newborns and has
few adverse effects but is slower in on-
set of action and longer acting com-
pared with the other available muscle
relaxants. Pancuronium has a vago-
lytic effect that helps minimize the re-
flex bradycardia that often accompa-
nies laryngoscopy. In a randomized,
controlled trial, infants who received
pancuronium and atropine showed
less hypoxia during intubation and
less increase in intracranial pressure
compared with infants who received
no premedication or atropine alone.

Mivacurium, another nondepolarizing
agent, is no longer commercially avail-
able because of its adverse effect of
histamine release and associated
bronchospasm. Cisatracurium has
been introduced to replace mivacu-
rium and seems to have similar physi-
ologic effects but has not yet been
tested in a neonatal population. Vecu-
ronium and rocuronium, 2 other non-
depolarizing muscle relaxants in wide
use in pediatric anesthesia and PICUs,
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are characterized by their minimal ef-
fects on blood pressure or heart rate.
Rocuronium is a metabolic derivative
of vecuronium and has quicker onset
to paralysis and shorter duration of
action compared with vecuronium.

ADVERSE EFFECTS

Concern for adverse effects has been a
barrier to implementing premedica-
tion for intubation,* but most reports
and randomized, controlled trials have
not demonstrated serious adverse ef-
fects. A large multicenter observa-
tional study showed no increase in the
frequency of adverse effects when in-
fants were premedicated.?” When used
alone, fentanyl and other synthetic opi-
oids have been associated with acute
chest wall rigidity in both preterm and
term infants, which can significantly
impair ventilation.3® However, this ad-
verse effect may be related to dose and
rapid delivery and can be prevented by
slow infusion of an appropriate dose
and overcome with muscle relaxant®0
or reversed with naloxone.®

Succinylcholine has been reported to
have rare serious adverse effects in
children, including hyperkalemia, myo-
globinemia, and cardiac arrhythmias.
Atropine seems to protect against bra-
dyarrhythmias induced by succinyl-
choline" Hyperkalemia is also un-
likely, because marked elevations have
been reported only in clinical circum-
stances associated with significant tis-
sue destruction.®' Succinylcholine is a
known trigger of malignant hyperther-
mia, a skeletal muscle disorder inher-
ited as an autosomal dominant trait.
The incidence of malignant hyperther-
mia is estimated to be 0.4 to 0.5 in
10000 in the general population.’? Di-
agnosis and management of malig-
nant hyperthermiais beyondthe scope
of this report. Succinylcholine should
not be used in the presence of hyper-
kalemia and/or a family history of ma-
lignant hyperthermia.®
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CLINICAL CIRGUMSTANCES FOR
INTUBATION WITHOUT
PREMEDICATION

Intubation without premedication may
be acceptable during resuscitation or
after acute deterioration or critical ill-
ness at a later age. The risk/benefit ra-
tio may also support intubation with-
out premedication in infants with upper
airway anomalies such as Pierre Robin
sequence. Intubation of infants with se-
verely abnormal airways can be difficult,
and the infant’s own respiratory effort
may be essential for maintaining an
open airway. If intubation attempts are
unsuccessful in these infants, the use of
laryngeal mask airway (LMA) or antici-
patory transfer to a center with a team
of personnel, including a neonatologist,
pediatric otolaryngologist, and pediatric
anesthesiologist, experienced in man-
aging infants with structurally abnor-
mal airways should be considered. It is
important to note that LMA is a tempo-
rary airway device and should be used
only as a last resort while preparations
for a secure airway are in progress.
One might also consider the use of a
fiber-optic bronchoscope for intubation
if personnel experienced in its use are
available.s*

GAPS IN KNOWLEDGE

Many unanswered questions remain
regarding the practice of premedica-
tion for nonemergent intubation in the
newborn.

e The optimal pharmaceutical agents
have not been developed for use in
newborns, and appropriate drug
doses of currently available agents
based on gestational age are cur-
rently unknown.

® The pharmacokinetic and pharma-
codynamic characteristics of many
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drugs used in premedication have
not been well studied in newborns.

e An ideal combination and/or se-
quence of premedications have not
been established.

e Alternative routes of administration
of premedications have not been
systematically studied.

® |ong-term benefits and adverse ef-
fects of premedications are unknown.

Further research must continue to an-
swer these and other questions.

CLINICAL IMPLICATIONS

® Preparation should include having
appropriate equipment such as
an oxygen source, appropriately
sized bags, face masks, endotra-
cheal tubes, stylet, laryngoscope, and
suction.

® All support staff assisting with the
procedure should have clearly pre-
assigned responsibilities during
the procedure.

® [nfants should have cardiorespira-
tory, oxygen saturation, and non-
invasive blood pressure monitoring
during nonemergent intubation,
and an end-tidal carbon dioxide de-
tector should be available. Intra-
venous access should preferably be
established, and the stomach
should be decompressed.

® All personnel who intubate neo-
nates should acquire training with
LMAs, because this device may
prove to be an effective bridge to
intubation in some cases in which
bag-mask ventilation is subopti-
mal.5%56 Appropriately sized LMAs
should be available for all intuba-
tions, particularly when any diffi-
culty is anticipated. LMAs have been

used successfully in late-preterm
and term newborns weighing more
than 2500 g.

Individuals who perform intuba-
tions should be experienced in the
use of bag-mask ventilation and be
knowledgeable about the effects of
the procedure of laryngoscopy and
intubation, as well as risks and ben-
efits of premedications. Ascertain-
ment of appropriate endotracheal
tube position immediately after in-
tubation should be done by auscul-
tation and end-tidal carbon dioxide
monitoring.

Except for emergent intubation dur-
ing resuscitation either in the deliv-
ery room or after acute deteriora-
tion or critical iliness at a later age,
premedication should be used for
all endotracheal intubations in new-
borns. Medications with rapid onset
and short duration of action are
preferable (Table 1).

e Analgesic agents or anesthetic
dose of a hypnotic drug should be
given.

e Vagolytic agents and rapid-onset
muscle relaxants should be
considered.

e Use of sedatives alone such as
benzodiazepines without analge-
sic agents should be avoided.

e A muscle relaxant without an an-
algesic agent should not be used.

Each unit should develop protocols
and lists of preferred medications
to improve compliance and mini-
mize medication errors and ad-
verse effects.

For circumstances in which intra-
venous access is not available, al-
ternative routes such as intra-
muscular administration can be
considered.
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TABLE 1 Medications for Premedication for Nonemergency Intubation

Drug Route/Dose Onset of Duration of Common Adverse Effects Comments?
Action Action
Analgesic
Fentanyl IV or IMP/1-4 IV, almost 1V, 30-60 Apnea, hypotension, CNS Preferred analgesic
ng/kg immediate; min; IM, depression, chest wall rigidity ~ Effects reversible with naloxone
IM, 7-15 1-2h Give slowly (preferably over 3—5 min, at least over
min 1-2 min) to avoid chest wall rigidity
Chest wall rigidity can be treated with naloxone
and muscle relaxants
Remifentanil IV/1-3 ug/kg IV, almost IV, 3-10 Apnea, hypotension, CNS Acceptable analgesic
May repeat in 2-3 immediate min depression, chest wall rigidity ~ Short duration of action and limited experience in
min if needed neonates
Effects reversible with naloxone
Give slowly over 1-2 min to avoid chest wall rigidity
Chest wall rigidity can be treated with naloxone
and muscle relaxants
Morphine IV or IM/0.05-0.1 IV, 5=15 min;  IV,3-5 h; Apnea, hypotension, GNS Acceptable analgesic agent
mg/kg IM, 10-30 IM, 3-5 h depression Use only if other opioids are not available; if
min selected, must wait at least 5 min for onset of
action
Effects reversible with naloxone
Hypnotic/sedative
Midazolam IV or IM/0.05-0.1 IV, 1=5 min; IV, 20-30 Apnea, hypotension, GNS Acceptable sedative for use in term infants in
mg/kg IM, within min; IM, depression combination with analgesic agents
5-15 min 1-6h Hypotension more likely when used in combination
with fentanyl
Not recommended in premature infants
Effects reversible with flumazenil
Thiopental IV/3—4 mg/kg IV, 30-60 s IV, 5-30 Histamine release, apnea, Acceptable hypnotic agent
min hypotension, bronchospasm Hypotension more likely when used in combination
with fentanyl and/or midazolam
Propofol IV/2.5 mg/kg Within 30 s 3—10 min Histamine release, apnea, Acceptable hypnotic agent
hypotension, bronchospasm, Limited experience in newborns
bradycardia; often causes Neonatal dosing has not been well established
pain at injection site
Muscle relaxant
Pancuronium [V/0.05-0.10 mg/kg ~ 1-3 min 40-60 min Mild histamine release, Acceptable muscle relaxant
hypertension, tachycardia, Relatively longer duration of action
bronchospasm, excessive Effects reversible with atropine and neostigmine
salivation
Vecuronium IV/0.1 mg/kg 2-3 min 30-40 min Mild histamine release, Preferred muscle relaxant
hypertension/hypotension, Effects reversible with atropine and neostigmine
tachycardia, arrhythmias,
bronchospasm
Rocuronium IV/0.6—1.2 mg/kg 1-2 min 20-30 min  Mild histamine release, Preferred muscle relaxant
hypertension/hypotension, Effects reversible with atropine and neostigmine
tachycardia, arrhythmias,
bronchospasm
Succinylcholine  IV/1-2 mg/kg; IMP/2 1V, 3060 s; IV, 4—6 min;  Hypertension/hypotension, Acceptable muscle relaxant
mg/kg IM, 2-3 IM, 10— tachycardia, arrhythmias, Contraindicated in presence of hyperkalemia and
min 30 min bronchospasm, hyperkalemia, family history of malignant hyperthermia
myoglobinemia, malignant
hyperthermia
Vagolytic
Atropine IV orIM/0.02 mg/kg  1-2 min 0.5-2h Tachycardia, dry hot skin Preferred vagolytic agent
Glycopyrrolate  IV/4—10 ug/kg 1-10 min ~6h Tachycardia, arrhythmias, Acceptable vagolytic agent

bronchospasm

Limited experience in newborns
Contains benzyl alcohol as preservative

Most of these drugs have limited pharmacokinetics data from newborns and are not approved for use in the newborn, but they have been used in newborns. IV indicates intravenously; IM,
intramuscularly; CNS, central nervous system.
aPreferred and acceptable designation of medications is based on consensus opinion after review of available evidence.
b Consider only if no intravenous access.

PEDIATRICS Volume 125, Number 3, March 2010 . .
Downloaded from pediatrics.aappublications.org by guest on February 13, 2015

613


http://pediatrics.aappublications.org/

COMMITTEE ON FETUS AND NEWBORN,
2008-2009

Lu-Ann Papile, MD, Chairperson

Ann R. Stark, MD, Immediate Past Chairperson
David H. Adamkin, MD

Jill E. Baley, MD

Vinod K. Bhutani, MD

Waldemar A. Carlo, MD

*Praveen Kumar, MD

Richard A. Polin, MD

Rosemarie C. Tan, MD

Kristi L. Watterberg, MD

FORMER COMMITTEE MEMBERS
Daniel G. Batton, MD

Edward Bell, MD

*Susan E. Denson, MD

William E. Engle, MD

Gilbert I. Martin, MD

LIAISONS

CAPT Wanda D. Barfield, MD — Centers for
Disease Gontrol and Prevention

REFERENCES

1. Lane B, Finer N, Rich W. Duration of intuba-
tion attempts during neonatal resuscita-
tion. J Pediatr. 2004;145(1):67—70

2. Leone TA, Rich W, Finer NN. Neonatal
intubation: success of pediatric trainees.
J Pediatr. 2005;146(5):638 —641

3. 0'Donnell CPF, Kamlin COF, Davis PG, Morley
CJ. Endotracheal intubation attempts during
neonatal resuscitation: success rates, dura-
tion, and adverse effects. Pediatrics. 2006;
117(1). Available at: www.pediatrics.org/cgi/
content/full/117/1/e16

4. Skinner HJ, Biswas A, Mahajan RP. Evalua-
tion of intubating conditions with rocuro-
nium and either propofol or etomidate for
rapid sequence induction. Anaesthesia.
1998;53(7):702—710

5. Roberts KD, Leone TA, Edwards WH, Rich WD,
Finer NN. Premedication for nonemergent
neonatal intubations: a randomized con-
trolled trial comparing atropine and fenta-
nyl to atropine, fentanyl and mivacurium.
Pediatrics. 2006;118(4):1583—1591

6. Lemyre B, Cheng R, Gaboury I. Atropine, fen-
tanyl and succinylcholine for non-urgent in-
tubations in newborns. Arch Dis Child Fetal
Neonatal Ed. 2009;94(6):F439—F442

7. Dempsey EM, Al Hazzani F, Faucher D, Bar-
rington KJ. Facilitation of neonatal endotra-
cheal intubation with mivacurium and fent-
anyl in the neonatal intensive care unit.
Arch Dis Child Fetal Neonatal Ed. 2006;91(4):
F279-F282

8. Pereira e Silva Y, Gomez RS, Marcatto J,
Maximo TA, Barbosa RF, Simdes e Silva AC.
Morphine versus remifentanil for intubat-

614 FROM THE AMERICAN ACADEMDY OF PEDIATRICS
0

Ann L. Jefferies, MD — Canadian Paediatric
Society

Sarah Kilpatrick, MD —American College of
Obstetrics and Gynecology

Tonse N. K. Raju, MD — National Institutes of
Health

Carol Wallman, MSN, RNGC, NNP — National
Association of Neonatal Nurses and
Association of Women’s Health, Obstetric
and Neonatal Nurses

Kasper S. Wang, MD — AAP Section on
Surgery

FORMER LIAISON
Keith Barrington, MD — Canadian Paediatric
Society

STAFF
Jim Couto, MA
jcouto@aap.org

SECTION ON ANESTHESIOLOGY AND
PAIN MEDICINE, 2008 -2009
Constance S. Houck, MD, Chairperson

ing preterm neonates. Arch Dis Child Fetal
Neonatal Ed. 2007;92(4):F293—F294

9. Ghanta S, Abdel-Latif ME, Lui K, Ravin-
dranathan H, Awad J, Oei J. Propofol com-
pared with the morphine, atropine, and
suxamethonium regimen as induction
agents for neonatal endotracheal
intubation: a randomized controlled trial.
Pediatrics. 2007;119(6). Available at:
www.pediatrics.org/cgi/content/full/119/
6/e1248

10. Carbajal R, Eble B, Anand KJS. Premedica-
tion for tracheal intubation in neonates:
confusion or controversy? Semin Perinatol.
2007;31(5):309-317

11. American Academy of Pediatrics, Commit-
tee on Fetus and Newborn; American Acad-
emy of Pediatrics, Section on Surgery; Cana-
dian Paediatric Society, Fetus and Newborn
Committee. Prevention and management of
pain in the neonate: an update [published
correction appears in Pediatrics. 2007;
119(2):425]. Pediatrics. 2006;118(5):
22312241

12. Topulos GP, Lansing RW, Banzett RB. The ex-
perience of complete neuromuscular block-
ade in awake humans. J Clin Anesth. 1993;
5(5):369-374

13. Porter F, Wolf C, Gold J, Lotsoff D, Miller J.
Pain and pain management in newborn
infants: a survey of physicians and nurses.
Pediatrics. 1997;100(4):626—632

14. Anand KJS; International Evidence-Based
Group for Neonatal Pain. Consensus state-
ment for the prevention and management
of pain in the newborn. Arch Pediatr Ado-
lesc Med. 2001;155(2):173—180

Joseph P. Cravero, MD, Immediate Past
Chairperson

Corrie T. M. Anderson, MD

Carolyn F. Bannister, MD

Kenneth R. Goldschneider, MD

Jeffrey Lee Koh, MD

David M. Polaner, MD

*Thomas J. Mancuso, MD

LIAISONS

Randall M. Clark, MD — American Society for
Anesthesia, Committee on Pediatrics

Jeffrey L. Galinkin, MD — AAP Committee on
Drugs

FORMER LIAISON
Lynne Maxwell, MD — AAP Committee on Drugs

STAFF
Linda Lipinsky
[lipinsky@aap.org

*Lead authors

15. Whyte S, Birrell G, Wyllie J, Woolf A. Premed-
ication before intubation in UK neonatal
units. Arch Dis Child Fetal Neonatal Ed. 2000;
82(1):F38—F41

16. Sarkar S, Schumaker RE, Baumgart S, Donn
SM. Are newborns receiving premedication
before elective intubation? J Perinatol.
2006;26(5):286-289

17. Marshall TA, Deeder R, Pai S, Berkowitz GP,
Austin TL. Physiologic changes associated
with endotracheal intubation in preterm in-
fants. Crit Care Med. 1984;12(6):501-503

18. Kelly M, Finer NN. Nasotracheal intubation
in the neonate: physiologic responses and
effects of atropine and pancuronium. J Pe-
diatr. 1984;105(2):303-309

19. Friesen RH, Honda AT, Thieme RE. Changes in
anterior fontanel pressure in preterm neo-
nates during tracheal intubation. Anesth
Analg. 1987,66(9):874—878

20. Hickey PR, Hansen DD, Wessel D, Lang P, Jo-
nas RA, Elixson EM. Blunting of stress re-
sponses in the pulmonary circulation of in-
fants by fentanyl. Anesth Analg. 1985;64(12):
1137-1142

21. Raju TNN, Vidyasagar D, Torres C, Grundy D,
Bennett EJ. Intracranial pressure during in-
tubation and anesthesia in infants. J Pedi-
atr. 1980;96(5):860—862

22. Xie A, Skatrud J, Puleo D, Morgan B. Expo-
sure to hypoxia produces long-lasting sym-
pathetic activation in humans. J App/
Physiol. 2001;91(4):1555—1562

23. Hickey PR, Retzack SM. Acute right ventricu-
lar failure after pulmonary hypertensive re-
sponses to airway instrumentation: effect

wnloaded from pediatrics.aappublications.org by guest on February 13, 2015


http://pediatrics.aappublications.org/

FROM THE AMERICAN ACADEMY OF PEDIATRICS

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

of fentanyl dose. Anesthesiology. 1993;
78(2):372-376

Oei J, Hari R, Butha T, Lui K. Facilitation of
neonatal nasotracheal intubation with
premedication: a randomized controlled
trial. J Paediatr Child Health. 2002;38(2):
146-150

Brunson LL, Lazo JS, Parker KL, eds. Good-
man and Gilman’s The Pharmacological Ba-
sis of Therapeutics. 11th ed. New York, NY:
McGraw Hill; 2006

Lemyre B, Doucette J, Kalyn A, Gray S, Mar-
rin M. Morphine for elective endotracheal
intubation in neonates: a randomized trial.
BMC Pediatr. 2004;4:20

Bhatt-Mehta V. Current guidelines for the
treatment of acute pain in children. Drugs.
1996;51(5):760—-776

Hamon |, Hascoet JM, Debbiche A, Vert P.
Effects of fentanyl administration on gen-
eral and cerebral haemodynamics in sick
newborn infants. Acta Paediatr. 1996;85(3):
361-365

Crawford MW, Hayes J, Tan JM. Dose-
response of remifentanil for tracheal intu-
bation in infants. Anesth Analg. 2005;100(6):
1599-1604

Fahnenstich H, Steffan J, Kau N, Bartmann P.
Fentanyl-induced chest wall rigidity and la-
ryngospasm in preterm and term infants.
Crit Care Med. 2000;28(3):836—839

Simon L, Trifa M, Mokhtari M, Hamza J, Tre-
luyer JM. Premedication for tracheal
intubation: a prospective survey in 75 neo-
natal and pediatric intensive care units. Crit
Care Med. 2004;32(2):565-568

Attardi DM, Paul DA, Tuttle DJ, Greenspan
JS. Premedication for intubation in neo-
nates. Arch Dis Child Fetal Neonatal Ed.
2000;83(2):F161

Harte GJ, Gray PH, Lee TC, Steer PA, Charles
BG. Haemodynamic responses and popula-
tion pharmacokinetics of midazolam follow-
ing administration to ventilated, preterm
neonates. J Paediatr Child Health. 1997,
33(4):335-338

Jacqz-Aigrain E, Daoud P, Burtin P,
Desplanques L, Beaufils F. Placebo-controlled
trial of midazolam sedation in mechanically

PEDIATRICS Volume 125, Number 3, March 2010 . .
Downloaded from pediatrics.aappublications.org by guest on February 13, 2015

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

ventilated newborn babies. Lancet. 1994;
344(8923):646—650

van Straaten HL, Rademaker CM, de Vries
LS. Comparison of the effect of midazolam
or vecuronium on blood pressure and cere-
bral blood flow velocity in the premature
newborn. Dev Pharmacol Ther. 1992;19(4):
191-195

McCarver-May D, Kang J, Aouthmany M, et
al. Comparison of chloral hydrate and mida-
zolam for sedation of neonates for neuroim-
aging studies. J Pediatr. 1996;128(4):
573-576

Shekerdemian L, Bush A, Redington A. Car-
diovascular effects of intravenous midazo-
lam after open heart surgery. Arch Dis
Child 1997;76(1):57—61

Lee TG, Charles BG, Harte GJ, Gray PH, Steer PA,
Flenady VJ. Population pharmacokinetic mod-
eling in very premature infants receiving mi-
dazolam during mechanical ventilation:
midazolam neonatal pharmacokinetics. Anes-
thesiology. 1999;90(2):451—-457
Jacqgz-Aigrain E, Daoud P, Burtin P, Maherzi
S, Beaufils F. Pharmacokinetics of midazo-
lam during continuous infusion in critically
ill neonates. Eur J Clin Pharmacol. 1992;
42(3):329-332

Centers for Disease Gontrol and Prevention.
Neonatal deaths associated with use of ben-
zyl alcohol: United States. MMWR Morb Mor-
tal Wkly Rep. 1982;31(22):290—-291

Hiller JL, Benda GI, Rahatzad M, et al. Benzyl
alcohol toxicity: impact on mortality and in-
traventricular hemorrhage among very low
birth weight infants. Pediatrics. 1986;77(4):
500-506

White PF. Clinical pharmacology of intrave-
nous induction drugs. Int Anesthesiol Clin.
1988;26(2):98—104

Bhutada A, Sahni R, Rastogi S, Wung JT. Ran-
domised controlled trial of thiopental for
intubation in neonates. Arch Dis Child Fetal
Neonatal Ed. 2000;82(1):F34—F37

Naulaers G, Deloof E, Vanhole G, Kola E, Dev-
lieger H. Use of methohexital for elective in-
tubation in neonates. Arch Dis Child Fetal
Neonatal Ed. 1997;77(1):F61—F64

Barbi E, Marchetti T, Gerarduzzi E, et al. Pre-
treatment with intravenous ketamine re-

46.

47.

48.

49.

50.

o1

52.

53.

54.

99.

56.

duces propofol injection pain. Paediatr
Anesth. 2003;13(9):764—768

Rautakorpi P, Manner T, Kanto J. A survey of
current usage of anticholinergic drugs in
paediatric anaesthesia in Finland. Acta An-
aesth Scand. 1999;43(10):1057-1059

Desalu I, Kushimo OT, Bode CO. A compara-
tive study of the haemodynamic effects of
atropine and glycopyrrolate at induction of
anaesthesia in children. West Afr J Med.
2005;24(2):115-119

Barrington KJ, Finer NN, Etches PC. Succinyl-
choline and atropine for premedication of
the newborn infant before nasotracheal
intubation: a randomized, controlled trial.
Crit Care Med. 1989;17(12):1293—1296

Ziegler JW, Todres ID. Intubation of new-
borns. Am J Dis Child. 1992;146(2):147—149

Barrington KJ, Byrne PJ. Premedication for
neonatal intubation. Am J Perinatol. 1998;
15(4):213-216

Davis PJ, Lerman J, Tofovic SP, Cook DR.
Pharmacology of pediatric anesthesia. In:
Motoyama EK, Davis PJ, eds. Smith’s Anes-
thesia for Infants and Children. Pharmacol-
ogy of Pediatric Anesthesia. Tth ed. Phila-
delphia, PA: Mosby/Elsevier; 2005:215-219

Ording H. Incidence of malignant hyperther-
mia in Denmark. Anesth Analg. 1985;64(7):
700—-704

Mancuso TJ. Neuromuscular disorders. In:
Practical Aspects of Pediatric Anesthesia.
Philadelphia, PA: Wolters Kluwer/Lippincott,
Williams & Wilkins; 2008:547

Scheller JG, Schulman SR. Fiber-optic bron-
choscopic guidance for intubating a neo-
nate with Pierre-Robin syndrome. J Clin
Anesth. 1991;3(1).45-47

Paterson SJ, Byrne PJ, Molesky MG, Seal RF,
Finucane BT. Neonatal resuscitation using
the laryngeal mask airway. Anesthesiology.
1994;80(6):1248—1253

American Society of Anesthesiologists.
Practice guidelines for the management of
the difficult airway: an updated report by
the American Society of Anesthesiologists
Task Force on Management of Difficult Air-
way. Anesthesiology. 2003;98(5):1269—-1277

615


http://pediatrics.aappublications.org/

Premedication for Nonemer gency Endotracheal Intubation in the Neonate
Praveen Kumar, Susan E. Denson, Thomas J. Mancuso and Committee on Fetus and
Newborn, Section on Anesthesiology and Pain Medicine
Pediatrics 2010;125;608; originally published online February 22, 2010;

DOI: 10.1542/peds. 2009-2863

Updated Information & including high resolution figures, can be found at:

Services http://pediatrics.aappublications.org/content/125/3/608.full.ht
ml

References This article cites 50 articles, 12 of which can be accessed free
at:
http://pediatrics.aappublications.org/content/125/3/608.full.ht
mi#ref-list-1

Citations This article has been cited by 5 HighWire-hosted articles:
http://pediatrics.aappublications.org/content/125/3/608.full.ht
ml#related-urls

Subspecialty Collections This article, along with others on similar topics, appearsin

the following collection(s):

Committee on Fetus & Newborn
http://pediatrics.aappublications.org/cgi/collection/committee
_on_fetus__newborn

Section on Anesthesiology and Pain Medicine
http://pediatrics.aappublications.org/cgi/collection/section_on
_anesthesiology and_pain_medicine

Permissions & Licensing Information about reproducing this article in parts (figures,
tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xht
mi

Reprints Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2010 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org by guest on February 13, 2015



http://pediatrics.aappublications.org/content/125/3/608.full.html
http://pediatrics.aappublications.org/content/125/3/608.full.html
http://pediatrics.aappublications.org/content/125/3/608.full.html#ref-list-1
http://pediatrics.aappublications.org/content/125/3/608.full.html#ref-list-1
http://pediatrics.aappublications.org/content/125/3/608.full.html#related-urls
http://pediatrics.aappublications.org/content/125/3/608.full.html#related-urls
http://pediatrics.aappublications.org/cgi/collection/committee_on_fetus__newborn
http://pediatrics.aappublications.org/cgi/collection/committee_on_fetus__newborn
http://pediatrics.aappublications.org/cgi/collection/section_on_anesthesiology_and_pain_medicine
http://pediatrics.aappublications.org/cgi/collection/section_on_anesthesiology_and_pain_medicine
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/Permissions.xhtml
http://pediatrics.aappublications.org/site/misc/reprints.xhtml
http://pediatrics.aappublications.org/

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Premedication for Nonemer gency Endotracheal Intubation in the Neonate
Praveen Kumar, Susan E. Denson, Thomas J. Mancuso and Committee on Fetus and
Newborn, Section on Anesthesiology and Pain Medicine
Pediatrics 2010;125;608; originally published online February 22, 2010;

DOI: 10.1542/peds.2009-2863

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.or g/content/125/3/608.full.html

PEDIATRICS isthe officia journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned,
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2010 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online | SSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org by guest on February 13, 2015


http://pediatrics.aappublications.org/content/125/3/608.full.html
http://pediatrics.aappublications.org/

